We herein describe the case of a 67-year-old woman with a duodenal ulcer thought to be caused by elevated pancreatic ductal pressure. The patient complained of continuous upper abdominal pain. Her medical history included idiopathic chronic pancreatitis. Endoscopy revealed a huge duodenal ulcer located on the inferior duodenal angle, which had not been seen on endoscopic retrograde pancreatography two months previously. A combination study using endoscopy and contrast imaging confirmed the relationship between the duodenal ulcer and the pancreatic branch duct. To our knowledge, this is the first case of duodenal ulcer thought to be caused by elevated pancreatic ductal pressure.
Introduction
A duodenal ulcer is one of the most commonly encountered gastrointestinal pathologies. Helicobacter pylori (HP) infection and the consumption of nonsteroidal antiinflammatory drugs (NSAIDs) are the two major causes of this condition (1, 2) . Approximately 95% of duodenal ulcers occur in the duodenal bulb or within 5 cm of the pyloric ring. Almost all of the other 5% form between the bulb and the ampulla. Duodenal ulcers occurring at the anal side rather than at the ampulla of Vater are rare (3, 4) . Chronic pancreatitis (CP) is an irreversible and progressive inflammatory process, featuring pathological modifications of fibrosis, inflammatory infiltration, and the destruction of exocrine and endocrine tissue (5, 6) . As a result, there are specific morphological changes in the parenchyma and pancreatic ducts, causing intraductal obstruction and ductal hypertension of the pancreas (7, 8) . Although these conditions sometimes lead to the development of pancreatic stones, pseudocysts, common bile duct stenosis and so on, duodenal ulcers associated with CP have been very rarely reported worldwide. We herein report a case of duodenal ulcer apparently induced by elevation of the pancreatic ductal pressure in a patient with CP.
Case Report
A 67-year-old woman was first admitted to our hospital to undergo treatment for CP three years ago. She did not have a drinking habit, but was a smoker. She had no family history of gastrointestinal disease. Many pancreatic stones were found in the pancreas parenchyma and within the pancreatic ducts. The pancreatic stones were treated with extracorporeal shock wave lithotripsy (ESWL) and endoscopic retrograde pancreatography (ERP), but few of the stones were removed because of stenosis and bending of the main pancreatic duct (MPD). The stenotic portions were dilated with a balloon and a catheter, followed by placement of a 7-French (Fr) plastic stent, which was exchanged every three months. At the fifth stent exchange, the plastic stent was removed because the stenosis of the pancreas head and the dilation downstream were judged to be relatively improved.
Three weeks later, the patient experienced upper quadrant pain and was hospitalized. Multiple protease inhibitors and a histamine H2-receptor antagonist were administered for a long period. In addition, the patient had been taking loxoprofen sodium for low back pain for more than ten years. 
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On examination, her temperature was 36.1°C, heart rate was 80 beats per minute, blood pressure was 129/68 mmHg, and her respiratory rate was 16 breaths per minute. Spontaneous and pressure pain were observed in the epigastric region. The laboratory test results included leukocytosis (9.93×10 3 / μL, neutrophils 70.8%) with an elevated C-reactive protein level (9.90 mg/dL). The pancreatic enzyme levels were not elevated. She was negative for anti-HP antibodies. The serum gastrin level was normal.
Based on a computed tomography (CT) study performed on the day of admission, there were no evident changes in the patient's acute pancreatitis (Fig. 1 ). The pancreatic stones had not changed in size or position compared with the observations of the CT scans taken two months earlier.
No stones or sludge were observed within the bile ducts.
The cause of the patient's abdominal pain was unknown. She was managed by fasting. On the third day, esophagogastroduodenoscopy (EGD) revealed a large duodenal ulcer with thick fur on the inferior duodenal angle ( Fig. 2A) , which had not been seen on ERP two months prior (Fig. 2B ) and was compatible with the cause of the patient's abdominal pain. The loxoprofen was discontinued and a proton pump inhibitor (PPI) was added to her usual drug regimen. A histological examination of the ulcer excluded neoplasms and chronic inflammatory diseases. ERP was performed six days after the EGD. Fasting with PPI administration improved the duodenal ulcer. After an injection of contrast media into the MPD, the dilated branch duct filled with pancreatic stones was observed (Fig. 3A) , with results consistent with those observed two months prior (Fig. 3B) . Delicate manipulation of the guide wire into the branch duct revealed a fistula between the branch duct and the duodenal ulcer (Fig. 3C, D) . The fistula was thought to have been induced by hypertension of the branch duct. As the stricture of the pancreas head had caused ductal hypertension downstream, including in the branch duct, a 7-Fr plastic stent was inserted into the MPD. Fortunately, the patient's status gradually improved. After discharge from the hospital, the patient has remained symptom-free, with her duodenal ulcer improving at present (Fig. 4, 1 month after stenting) .
Discussion
Many studies have shown that HP plays a role in the multifactorial etiology of peptic ulcer disease, and there is an interplay of many factors, such as acid attack and the mucosal defense (9-11). The prevalence of HP infection in patients with duodenal ulcers has consistently been found to be between 90-100% (12, 13); therefore, eradication of HP is now the mainstay of treatment for peptic ulcer disease. In the present case, the patient was negative for anti-HP antibodies. Representative causes of HP-negative duodenal ulcers are NSAIDs or other ulcerogenic drugs, smoking, older age, gastric hypersecretion (Zollinger-Ellison syndrome), diseases of the duodenal mucosa (Crohn's disease, neoplasms/lymphoma, infections), and concomitant diseases (malignancy, chronic renal failure, liver cirrhosis) (14) . Although the present patient was a smoker, was relatively older and had been taking NSAIDs, the presence of a fistula between the branch duct and the duodenum strongly suggested that the ulcer was related to a pancreatic abnormality.
Duodenal ulcers have been reported to be able to cause choledoco-duodenal or pancreato-duodenal fistulas (15-17) ; however, there have been no reports of pancreato-duodenal fistulas or duodenal ulcers induced by pancreatic abnormalities. Sung et al. reported that pancreatic juice contributed to recurrent peptic ulcers (18) . An animal study has shown that esophageal mucosal injury can be caused by external influx of bile and pancreatic secretions (19) . Thus, the leakage of pancreatic juice thorough the fistula was likely the cause of the duodenal ulcer in the present case. The unusual location of the ulcer and the episode of stent retrieval before she suffered abdominal pain supported this idea.
Although contrast radiography of the branch duct did not show any results significantly different from those obtained during the previous ERP, the pressure in the branch duct was probably elevated. The reason for the branch duct hypertension was thought to be the remaining stricture of the MPD at the proximal side, rather than the branch site. Therefore, dilation of the MPD stricture of the pancreas head by stenting was selected as the treatment for this patient. The patient's good clinical course after stenting was compatible with our hypothesis.
Strictures of the MPD are seen in about half of patients with CP. The strictures are usually located in the pancreas head, and are caused by inflammation or fibrosis (6) . If the stenosis can be overcome, the MPD can be decompressed and the pain can be relieved (20, 21) . In the present case, the stricture of the MPD had been dilated with a 7-Fr plastic stent until three weeks before the abdominal pain occurred. Based on our hypothesis, the dilation of the stricture was not sufficient, and the stent should have been left in place. The European Society of Gastroenterology (ESGE) recommends treating dominant MPD stricture by inserting a single 10-Fr plastic stent (22) . Dilation by a 10-Fr stent instead of a 7-Fr stent might prevent the development of this type of duodenal ulcer. Recent studies performed with specially made auto-expandable metallic stents have shown a partial improvement in the patients' pain after stent placement (23, 24) . Covered metallic stenting is another possible method that might have been useful for treating stenosis of the MPD in the present case.
It is unknown whether gastric acid or pancreatic enzymes were related to the development of the ulcer in the present patient. Fasting with the administration of a PPI was added to the administration of a protease inhibitor, and this markedly improved the patient's duodenal ulcer. Fasting may have decreased the ductal hypertension by reducing the amount of pancreatic juice excreted. The PPI or protease inhibitor may have contributed to the improvement of the patient's ulcer by blocking gastric acid or pancreatic enzyme production.
We encountered a case of duodenal ulcer thought to be induced by pancreatic ductal hypertension. A combination study using endoscopy and contrast imaging was useful for making an accurate diagnosis. Dilation of the stenosis of the pancreatic head using a plastic stent was sufficient to enable the patient to successfully recover.
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